Powdery mildew caused by Sphaerotheca fuliginea (Schlecht. ex Fr.) Poll. is a major problem in cucumbers grown under greenhouse conditions. Culture filtrates of certain biocontrol agents (Epicoccum nigrum ES1, Epicoccum minitans ES2, Epicoccum sp ES3, Trichoderma harzianum ES4, Trichoderma viride ES5 and Bacillus pumilus ES6) were evaluated alone and in combination with penconazole against powdery mildew in cucumbers. The results showed that most of the culture filtrates of the tested microbial isolates in combination with the fungicide were more effective against powdery mildew than the fungicide alone at the recommended concentration level. The antifungal activity of the tested culture filtrates against powdery mildew was due to the presence of known antifungal compounds identified by GC-MS analysis. The results revealed that culture filtrates can be regarded as an effective control method for powdery mildew in cucumbers.
Introduction
Powdery mildew caused by Sphaerotheca fuliginea (Schlecht. ex Fr.) Poll. is one of the most serious diseases in cucumbers (Cucumis sativus L.), resulting in substantial yield losses, especially for greenhouse-grown cucumbers. 1) Cucurbits production in a greenhouse is dependent on the intensive use of fungicides to control powdery mildew; however, fungicide residues have become a major issue, resulting in legislative action to limit and regulate pesticide use. Indeed, the maximum legal limits for pesticide residues on food [maximum residue level (MRL)] have been mandated in all countries.
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As a result of this change in public attitudes towards the use of chemicals and the development of pathogen strains resistant to fungicides, new alternatives are required. Several alternative control agents, i.e. salts, plant extracts, culture filtrate of biocontrol agents (BCAs) and mineral oils alone or in combination, have been tested against powdery mildews on different crops. [3] [4] [5] [6] [7] The use of culture filtrates of BCAs and plant extracts are a practice that has gained increasing acceptance as the cost of developing new active ingredients is still much higher than the cost of developing new adjuvants. Therefore, this study aimed to evaluate the efficiency of culture filtrates of certain bio-agents for controlling powdery mildew in cucumbers, to minimize the recommended dose of the chemical fungicide used to control powdery mildew in cucumbers by mixing fungicide at low doses with the culture filtrate of certain biocontrol agents and to identify the chemical compounds responsible for the possible biological activity of the culture filtrates of bio-control agents against powdery mildew in cucumbers.
Materials and Methods

Biocontrol agents
The biocontrol agents (BCAs) used in this investigation were Epicoccum nigrum ES1, Epicoccum minitans ES2, Epicoccum sp. ES3, Trichoderma harzianum ES4, Trichoderma viride ES5 and Bacillus pumilus ES6. All tested microorganisms were isolated from cucurbits plants and identified according the method described by El-Kot and Hegazi. 8) These microbes were selected to evaluate the efficiency of their culture filtrates against powdery mildew by a screening test with other bacterial and fungal microbial isolates under greenhouse conditions (unpublished data). The fungal and bacterial culture filtrates were prepared according to the method described by El-Bogdady.
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Control of powdery mildew disease on cucumbers under greenhouse conditions
This study was carried out at in a greenhouse at the Faculty of Agriculture, Kafr El-Sheikh University, using the randomized complete block design with three replicates. Cucumber seeds were sown in rows of 1 m width and 50 cm long. Plants were sprayed with 25 treatments (penconazole fungicide and culture filtrates of the tested BCAs alone and their combinations) at 10-day intervals. Because the natural presence of this pathogen varies widely on cucumber plants, evaluation of the tested treatments efficacy is inaccurate; therefore, artificial inoculation with powdery mildew pathogen was performed to stabilize the pathogen population in all treatments. Artificial inoculation was carried out by gently shaking leaves heavily infected with powdery mildew over the plants until the leave surface was fully covered with powdery mildew spores. The heavily infected cucumber leaves that used as a source for artificial inoculation with powdery mildew were obtained from cucumber plants grown in the greenhouse used in this study; however, these plants were not the treated cucumber plants in this study. As artificial inoculation with powdery mildew pathogen was performed using the same plant pathogen from the same greenhouse, differences in the pathogenicity of the naturally present and artificial powdery mildew were not expected. The different treatments used to control powdery mildew in this study were applied 6 hr before artificial inoculation.
Disease assessments
Disease severity was assessed 10 days after the first inoculation (initial disease severity) and then three times at 10-day intervals; thus, the last assessment was 40 days after application (final disease severity). According to the method described by McGrath et al., 10) powdery mildew disease severity was estimated by counting visible sporulating mildew colonies on both adaxial and abaxial surfaces per leaf. Five old leaves per plant were examined for five plants in each plot (i.e. 25 leaves/treatment). Fully expanded leaves from the middle and upper thirds of a plant were also assessed and data from all three age classes of leaves were averaged. As the initial disease severity varied under greenhouse conditions even though the pathogen spore density was approximately the same, it was worth calculating the disease inhibition (DI%) to evaluate the real comparable efficacy of treatments, as shown by Eq. (1).
Where A denotes the corrected final disease severity of treatment, and B denotes the final disease severity of treatment, respectively. The corrected final disease severity (A) was calculated as the product of corrected disease severity, as shown by Eq. (2) according to the method described by Kamel.
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Corrected disease severityϭL/MϫN
Where L is the initial disease severity of a treatment, M is the initial disease severity of the control and N is the final disease severity of the control. 
Chemical composition of bacterial and fungal culture filtrates
The most effective fungal (E. nigrum ES1) and bacterial (B. pumilus ES6) culture filtrates were selected for analysis to identify the active components in these culture filtrates. GC/MS analysis was conducted according to the method described by Mahboubi and Haghi.
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Results
Effect of penconazole and B. pumilus ES6 culture filtrate alone and in combination on powdery mildew during the tested seasons
The results in Tables 1 and 2 shows that penconazole and the culture filtrate of B. pumilus ES6 significantly reduced the disease severity of powdery mildew in cucumbers relative to the control treatment either alone or in combination in both tested seasons. The efficacy of the bacterial culture filtrate mixed with the fungicide was higher than the bacterial culture filtrate and the fungicide alone in both tested seasons. The results in Table 2 revealed that mixing the bacterial culture filtrate with the fungicide at 25 to 75% proportion induced the highest effectiveness against powdery mildew compared to other mixed percentages in both tested seasons.
Effect of penconazole and culture filtrates of the fungal bio-agents alone and in combination on powdery mildew during the tested seasons
The results in Tables 1 and 2 shows that the fungicide and the culture filtrates of the tested fungal isolates either alone or in combination significantly reduced the disease severity of powdery mildew in cucumbers relative to the control treatment in both tested seasons. The results also showed that the use of E. nigrum ES1, T. viride ES5 and E. minitans ES2 culture filtrates alone gave higher effectiveness than the use of fungicide alone in both tested seasons. The culture filtrate of E. nigrum ES1, isolate was the most effective treatment in both tested seasons. Mixing the culture filtrate of E. nigrum ES1, or E. minitans ES2 with the fungicide decreased its efficacy compared with its use alone; however, the combination of the culture filtrates of these two bioagents increased their efficacy relative to the fungicide alone in both tested seasons. Mixing the T. viride ES5, T. harzianum ES4 and Epicoccum sp. ES3 culture filtrates with the fungicide increased its efficacy against powdery mildew in both tested seasons.
Composition of the fungal and bacterial culture filtrates
Nine compounds were identified from the most effective fungal (Epicoccum nigrum ES1) culture filtrate while eight compounds were identified from the bacterial (B. pumilus ES6) culture filtrate with different percentages: 2,4-decadienal, hexadecanoic acid, diethyl phthalate, oleic acid, 3,4-dimethyl-5-hexen-3-ol, 4-hexen-1-yl ester of propionic acid, 1H-imidazole-1-ethanol, 2-butyl ester of benzoic acid, 2-amino-6-methyl-benzoic acid, 6-methyl-2-phenylindole, 2-pentyl ester of benzoic acid, carvacrol methyl ether, dimethylcyclosiloxane, 5-methyl-2-phenylindolizine, 2-butylbenothiazole and (E)-2-octenal as shown in Tables 3 and 4 . The identified compounds belonged to aldehydes, esters, alcohols and fatty acids.
Discussion
The present study implied that the culture filtrates of the tested fungal and bacterial biocontrol agents showed high effectiveness against powdery mildew pathogen in cucumbers under greenhouse conditions and this is in agreement with the findings of many researchers who reported that the compounds produced by antagonistic fungi and bacteria have potential antifungal activities against plant pathogens. [13] [14] [15] [16] [17] Previously, many researchers found that Bacillus sp. and their nonvolatile compounds made considerable contributions to the control of plant diseases. [18] [19] This study also indicated that the use of culture filtrates of the microbial isolates mixed with the fungicide improved their efficacy against the powdery mildew pathogen compared to using it alone. [20] [21] Furthermore, the improvement of fungicide efficacy by mixing with the microbial culture filtrates has been reported but not on powdery mildew of cucumbers. Among these compounds identified by GC-MS analysis from the fungal (E. nigrum ES1) and bacterial (B. pumilus ES6) culture filtrates, some compounds such as: 2-butyl ester of benzoic acid, carvacrol methyl ether, 2-butylbenothiazole, 6-methyl-2-phenylindole, hexadecanoic acid and oleic acid appeared to account for a larger percentages. The antifungal activity of the fungal and bacterial culture filtrates against powdery mildew pathogen may be due to the presence of these fatty acids and their derivatives. [22] [23] [24] [25] [26] Although the antimicrobial activity of the culture filtrates is attributed mainly to their major compounds, the synergistic or antagonistic effect of one compound in minor percentage in the mixture has to be considered when assessing antifungal activity.
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Conclusions
The culture filtrates of the tested BCAs can be regarded as an effective control method against powdery mildew. The culture filtrates of these biocontrol agents contained different biologically active compounds. The combination of fungicide with these culture filtrates is possible and reduces the fungicide amount applied.
